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e « « (ne obvious fact is that it is too early in the game to 


tell what the exact needs will be a de« ade or more hence 


However, the experience in this field so far does tend t 
clarify present requirements. The dollar cost of research and 
development, for example, while it does not give a direct 
answer, does provide a rough idea of where the most knotty 
technical problems have been encountered. An informal sur 
vey of the experience of several atomic power development 
laboratories shows that research and development costs tor 
the past few years break down this way: The largest amount 
ol money went into metallurgy and metallurgical engineering 

some 37 percent. The next largest portion went to mechan 
ical engineering, about 28 percent. Roughly 11 percent went 
into experimental and theoretical physics, and the same per 


centage into electrical and electronic engineering. A total of 


about 7 percent has gone into chemistry and chemical er 
gineering, and about 6 percent into operational engineering 
and te ting 

This distribution of funds does not necessarily identify 
the kinds of technical personnel involved. A better gauge 
for this is the approximate distribution of bachelor’s degrees 
among scientists and engineers working in atomic power at 
Westinghouse. When an informal survey was made some 
months ago, mechanical engineers constituted some 25 per 
cent, electrical about 22 percent. About 15 percent wer 
physicists. Almost as many, 14 percent, held degrees in 
chemistry and chemical engineering, with metallurgy degrees 
comprising 10 percent, mathematicians 4 percent, and thi 
rest miscellaneous. These figures do not necessarily represent 
the most desirable distribution, but rather actual condition 
A higher percentage of some specialties would be desirable 
if such people were available. Of this group physicists account 
for nearly half of the doctor’s degrees; and only about 10 
percent of the total number of scientists and engineers have 
earned doctor’s degrees 

This tabulation is one means of helping to size up the 
nuclear engineer; another is to ask the man himself. Does he 
feel that his principal activities are in one of the established 
scientific and engineering fields, or does he consider himself 
a part of a new category, i.e., a nuclear engineer? An informal 
survey at Westinghouse revealed the somewhat surprising 
fact that only two or three men considered themselves pri 
marily nuclear engineers. The rest designated one of the estab 
lished telds as the best “‘label’’ for their activities. Some 36 
percent specified mechanical engineering; 12 percent chem 
istry and chemical engineering; 10 percent metallurgy; 7 per 


cent mathematics; and the rest other technical specialties 





Clearly, then, although nuclear power is a new concept 
and a new field of development most of the effort is in 
established technical fields. Importantly, however, within 
those fields there is often a sharp departure from the usual 
and conventional. A metallurgist for example, is faced with 
the brand new problem of radiation as it affects materials. 
Similarly an electrical engineer encounters the problem of 
controlling a power source unlike any other in his experience 
The net result is that although he may be well trained in 
metallurgy or electrical engineering, an engineer needs further 
training in the specifics of nuclear power before he truly be 
comes a “nuclear engineer’’. This fact, plus the urgency with 
which trained people are needed, has resulted in intensive 
training programs by government and industrial organiza 
tions to produce the people necessary for the various pro 
grams in progress. Westinghouse, for example, administers a 
program for all new engineers and scientists; in addition, 
special provisions are made to enable technical people to 
pursue advanced study at colleges and universities. 

In terms of one specific project to develop, design, and build 
a reactor that is novel and must be completed within a tight 
schedule, one estimate places the requirements for engineers 
and scientists like this: materials group, 70; reactor design, 
30; physics, 30; power-plant group, 70, for a total of 200. 
Phis, of course is a rough estimate, and many factors could 
influence the figures. Significantly, these figures are only for 
the organization that has overall responsibility and that per 
forms the systems work, nuclear work, and other technical 
work that cannot be subcontracted. It ignores the hundreds 
of engineers involved in supplier organizations 

Aligned against these needs are other estimates that, to 
date, some 500 engineers and scientists have received formal 
training in the atomic-energy field, and something over 4000 
brought in through the process of retraining on the job. The 
requirements obviously far outnumber the availability. The 
atomic-power industry could—today—use at least three to 
four times as many engineers and scientists as are actually 
engaged in this work 

The shortage of technical manpower is, of course, not 
unique to the atomic-power field. Nor can the blame be laid 
at any one doorstep. Nevertheless, it is a further page to the 
long list of reasons why our engineering and scientific short 
age must be filled. The fact that the prime obstacle to the 
advancement of atomic power is the shortage of trained 
people should certainly serve as convincing evidence that we 
cannot let the shortage continue. We cannot afford anything 
less than an all-out effort to correct the causes. —RWD 
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Fig. 2—Schematic showing the elements 


Kast Pittsburgh, Pa pilot-generator speed-matching system 





Fig. }1—Schematic showing the elements 


and general method of operation of 





the position speed-matching system 
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PEED REGULATION Is today a well-understood problem the error-detecting unit. Yat ( i es and | Kt 
Not so well known, however, are the problems of speed paper winders are example 

matching, i.e., the precise control of speed relationships be Phe error-detector unit, | ts of a cone pull 
tween separately driven machine sections. One reason is that driven by the regulated sectio tor. | lriven cone pulle 
these problems have been peculiar to certain industries; a1 is belted to a second cone pull ' the ring gear of the 
other is that technical advances have brought new equipment mechanical differential me¢ i | {is located, A 
ind methods for ac hieving speed matching 32.5 percent draw adjustment ( tomarily provided 

Recently, the growth of the strand- and web process 1n the t iper ol this cone: tl i Ta | { rdiyustments tor re 
dustries—that is, those that produce such products as paper duction of roll size due to ma 
textiles, and textile fibers, in a continuous ‘‘web”’ or strands The sun gear of the mecha differential me i m 
1as made speed matching essential in a variety of new appli driven by the synchronous moto! receives its frequenc 
cations. The stretching of synthetic fibers is one exampl from the master reference set. Th et year, located on the 

In these applications precise control must be maintained differential crank, turns on its own bearing during the stead) 
over the “stretch” or “draw” between sections of the machine state operating condition; it tus pace relation o1 whit 
Stretch is a measure of the elongation of the material as it making an error correctio ( ferential output ift 
passes from one stand or section to the next It should not be yeared to both position d differential speed cueing device 
confused with tension, which is a measure of the stretching Phe position-cueing devis « rotary transformer sin 
force applied to the materials between stands. Only when the lar in operation to an induction regulator; it produces a signa 
material being processed is homogeneous and of constant voltage proportional to its opm SILO! \ se 1 stop 
cross-sectional area are the two quantities the same. In many with a small slip clutel me ter the rotor shaft of the 
processes, the material is relatively weak between stands rotary transformer to limit rotor t el to about elect! 





making it impossible to hold tension; therefore stretch, o1 


draw, is the quantity to be regulated. This is done by accu 





rately matching the speed of the stands or sections over thei 





operating speed range, so that the rotational speeds of rolls 






on any stand are in the desired ratio to all other roll speed 






At present, two basic systems are used to match the speed 






of electrically driven sections of a processing machine: posilion 






systems, and pilot-generator systems. In comparing these two 






systems it is ne¢ essary to assume that the methods of obtain 






ing a reference quantity can have an important bearing on the 






performance of any regulating system 






Position Speed-Matching Systems 


In a position speed-matching system the angular position 






of the driven roll of a particular section is compared with the 






angular position of a master-reference motor-generator set or 






with the angular position of the driven roll of another section 





\ mechanical-differential mechanism compares the position of 





the driven section with the reference; the output of this differ 





Fig. 3—The differential mechanism of the position speed matching 





ential mechanism is converted to electrical signals, which, in 





system. The planetary and sun gear are on the right, and the idles 





turn, cue the regulator. gear which meshes with both, is on its crank arm is on the left 





j In their most common form, position speed-matching sys 





tems utilize the adjustable-frequency output from a smal 









alternator as a standard of comparison This alternator plu deyrees for the regulating ranye | | 
a d-c motor, comprise the master-reference set. Its speed is regulating device and transmit e power. | 
idjustable by the operator so that it 1s directly proportiona has been proven by more 1 00) O00 oper 
to the overall operating speed required for the regulated ma less than 0.001 percent do lime resu ist 
chine. The adjustable-frequency output from the master set tributable to the different ( 
powers small synchronous motors, each forming a part of the Phe differential speed-cus ( ( ene! 
differential error-detector unit provided for individual regu which produces a signal vo ( , eed 
ited sections of the entire machine movement of the differe 

If only a few sections of a processing machine are to be The rotary transformer ene 














speed matched, or the system must regulate from stand-sti! only during the correction px | er ste 
to full operating speed, small synchros can furnish the refer tions the only moving eleme e re 
ence quantity to the position matching devices. The ncenro pulle ind the ynene 
| transmitter is driven by the lead section and a nenro re Draw or stretch ad 
ceiver is then used instead of the small synchronous motor on the position of the belt 
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Slack take-up is accomplished by means of pushbutton-oper ng ul umes a new angular position and the section 
ated magnet coils that allow a momentary shift of tl cI f ingular position relative to the other sections 
pulley belt I cl are actually locked together in speed relation by 
The two signals produced by the error-detecting ur yu r. Position errors are not cumulative and once a 
fed to a control unit that contains a two-stage magnetic a new angular position is assumed, the rolls or other driven 
pliher, a first-stage unit for amplifying the electrical sy ! maintain their relative speeds 
from the error-detecting unit, and a second stage for furni hanges in amplification in the position signal loop cause 
ing controlled excitation to the shunt field of the regulated t| yulator to operate at a modified position, but the steady 
generator (or motor in the case of a single-generator drive iccuracy of the regulator is not affected, as is shown in 
This control unit, Fig. 6, also includes control transformer ig. § hanges in amplification in the speed-sensitive loop 
dry-plate rectifiers, calibrating resistors, and damping tr i variation in the forcing effect of the magnetic-amplifier 
formers to assure stability. The constants of the regulator a1 yu circuit. Only time of response to a load change is 
so arranged that the speed-signal amplification is high cor ( n this connection, variations as great as + 25 percent 
pared to the position-signal amplification. Thus, when d in gain do not seriously affect operation of this regulator 
change occurs, considerable forcing is obtained to restore t! ich amplification variations are not encountered in the 
regulated section to its original speed nag jifier regulator, optimum regulator perform 
Following a load change the output shaft of the error-detect i! ired without a special maintenance program 


Fig. 4a—Schematic representation of a speed-regu- Fig. 4b—Saturation curve for a section power supply 
lated system. This diagram applies to either the me- generator. Note that an increase in excitation or regu- 
chanical-diflerential or the pilot-generator system lator output is required when the section is loaded. 
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Fig. 4d —When the pilot-generator sys- 

tem is used, the output of the section- 

driven pilot generator is compared with 

the standard in the error-detector pan- 

el of the regulator as shown in Fig. 2. 

The signals are algebraically added 

and the sum forms a continuous error 

signal which is amplified and used to 

excite the regulated machine. When 

the section is loaded, a change in ex- 

citation is required, as is indicated in 

a Fig. 5. Achange in error signal is neces- 

Fig. 4c-—When the mechanical-diflerential system 1s a sary to obtain the change in excitation 
used, the section speed is compared with the standard 
in the differential mechanism as shown in Fig. 1. The 
output of the differential mechanism positions a rotary 
transformer, which has a sine-wave output with posi 
tion. When load is applied to the section, the trans 
former output is increased by a change in position 
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SPEED SIGNAL: FIRST PRESS 


I} e€ operator is assured that the regulator is operating satis 
lactorily when the rotary transformer is in the central region 


of its range and the differential output shaft is not moving. If, 


on the other hand, the position transformer is at either end of 
its range, or motion is observed under steady load conditions, 


the regulator may be improperly adjusted 


machine operator to check regulator performance without the 


issistance of an electrical maintenance man 


Pilot-Generator Speed-Matching Systems 


Pilot-generator systems, Fig. 2, use a precision a-c or d- 


generator to give a speed indication, and match speed on the 


basis of an error signal obtained by comparison of the output 


from the pilot generator with a reference signal. When load 


hanges occur, the error signal causes a regulator output 


change, which results in the required speed correction. In 


rease in the load produces an increased error proportional 


SR ee Se SOS aa 


* #- ONE SECOND 


i —s 










SPEED SIGNAL: SECOND PRESS 


oo 
0.015 PERCENT 


px 













a _——o~ 4 = cin edie net er v 
0.15 PERCENT 
ee Se ORES I AMON A ons 


SECOND PRESS ARMATURE CURRENT 











102 AMP 
















POSTION SPEED REGULATOR | 
















— 
\ / Filer ceneanton Sime MecuLAiOn 




















“4 Amen” ; 
SECOND SMOOTH PRESS SPEED SIGNAL * +- ONE SECOND 















ps Bs oe 02 ARR OOSND LS REERAN RROTT TE TR, 
SECOND SMOOTH PRESS ARMATURE CURRENT 


TOP ROLL LOWERED 
TOP ROLL RAISED 1 , : 
ba * it 7 
0.5 PERCENT +0.14 PERCENT 0.13 Percent 9-95 PERCENT 


















T ~—,. " ———¥ ’ 
| 48 AMP i51 AMP 
4 54 AMP 430 AMP , ’ 












FIRST DRYER SPEED SIGNAL 


0.05 PERCENT 
ds 








aw 
0.5 PERCENT 




















This allows the 




















4 


Fig. 6—Left, the control cabinet for the magnetic control and the 
Magamp regulator used with the position speed-matching system 
Right, the control cabinet that contains the magnetic control and 


electronic regulator for a pilot-generator speed-matching system 







to the load change mce a ‘ ( re ei to vet a 
yreater output trom the regulator creased error signal 
results in an increased cont ( tret yw eodra 
between sections that 1 proport ! to the crease in the 
error signal. With the pilot-generator tem, under stead 
state conditions, accurate peed contro in bel ntained if 
components are wisely chose lat the tem ampliication 
is suthciently high 
Qf course, the main component 1Y pllot-yenerator 
tem is the pilot yenerator itse Phe accura ft either a-c or 


of-round bearing 
In addi 


d-c tachometers is affected by end play, out 


uneven air gaps, and other me 


tion, accuracy of the d-c tae meter iffected by its use ol a 
commutator, which introduces | ntact iriations a 
well as commutator ripple. In spite of all these sources of po 
ible error, by proper desigt d application speed regulator 
using tachometer peed cur e proved extreme accurate 
when properly maintained 

' P 


ometet 


Phe inaccuracies introduced the 





show ing spee d 


Fig. 5—Top left, position-regulator test results 
variation when section load is changed. Left, a comparison of the 


performance of the position speed regulator with the pilot-gener 


ator regulator. Below, left, test results of a pilot-generator system; 


this also shows speed variation when section load is changed 
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POSITION SPEED 
MATCHING SYSTEMS 


Drive motor on a press sec 
tion of a paper machine, 
with differential position 
speed-matching equipment 
shown in the foreground 


DISADVANTAGES 


Require relativeiy large 
space near machine. 


More mechanical parts 


required. 
© 


Relatively high cost be- 
cause of use of precision parts. 


however, 1s increased at 
in SIOpe of the yenerator 


The net result ol these 


lator accuracy at low speed iming a 5 peed range 


accuracy ol regulation would ibou i percent at low 
speed in a pilot-generator ! gned for O.1-percent 
accuracy at top peed 

Variation in ampiilicat 
tinuous change in the magn 
introduces another source ol error iv I ‘suitant 
Variation in speed Sucn varia I i rt irly objec 
tionable, for instance, in the d nd i 7 achine be 
tween the dryer and calender lol tween two calender 
ections where variations in | j ! n variation 
A two-percent shift in re 
change trom zero to bre iki 
variations have been over 
devices in some case 

Inteyrating ampliter have beer 


steady-state accuracy of peed 
tegrating amplifiers utilize the same speed reference and ta 
chometers that the peed regulator dos Lheretore 
State accuracy ol speed-matching ! " ibiect to any 
drift of the integrating amplihier as wv is errors introduced 
by the reference and tachometer 

Maintenance requirement use of addi 
tional regulator component \ cl sua hud i mult) 


vibrator and several electronic 


Other Comparisons 


Malfunctioning of a pilot-generator peed matctl 


Inv sy 
tem, unlike that of a position speed-matching system, is not 
easy to detect. Sensitive meters are required, and they must 
be used by personnel with a high degree of familiarity with 
the intricate electrical circuits. Erratic sources of trouble are 
particularly difficult to locate. Since continuous error is re 
quired with the pilot-generator speed-matching system to 
signal the amplifier, “tracking” or holding the speed of the 
various sections together is difficult, particularly when adjust 
ing the operating speed over the adjustable speed range. This 
is due to the fact that the variou tions may be of widely 
different horsepower and inertia, the section-motor character 
istics may be different, and the section amplifiers are then 
likely to have varying output performance curves over the 
speed ranye 

One outstanding advantage of pilot-generator speed-match 
ing systems is their relatively low cost of manufacture. A posi 
tion system on the other hand, has precision mechanical parts 
which force the manufacturing c ip. Roughly the same 
cabinet size is required lor the col 4 tion motor witl 
either tl e pilot generator or the position-t vulatorsystem 

et big 1) 

Another advantage ot pillot-generator l-matching sy 
tems 1s the relatively small pace required it the motor being 
reygulated. The error-detecting device for plot-generator sys 


tems is located in the control cubicle, but in the case of the 


po ition peed-matching ysten differential mechanism 


the error detecting device in ‘ ol implhicity it 
mounted at the section drive ot Mounting it this point 
requires more space on the mac! floor 
When considering these two s\ ce! nt! rentirety, posi 
tion-regulating systems appear preterab peed matching 
if performance ts critical If cost Lim] ant lactor 
or space near the machine | i i rel in pout yenerator 


ystems may be an econom 


Magnitude of error varies 
with system amplification. 


Mal-performance is not 
readily detected. 


Tracking difficult. 


A section of a press drive 
on a paper machine show- 
ing the compactness of the 
equipment required with 
the present pilot-genera- 
tor speed-matching system 


PILOT-GENERATOR SPEED 
MATCHING SYSTEMS 


WESTINGHOUSE ENGINEER 
































Influence of 


Per 
Char 
O?l 


Transformer Design 
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{= FIRST TRANSFORMER designers were satisfied if they 
could design a transformer that would carry the load 
without burning up; next, they learned how to make this 
transformer at a minimum cost; finally the designers found 
that they must compete with each other in designing for 
lower losses and less drop in output voltage when the trans 
former is loaded 

After some years of experience certain characteristics proved 
to be about optimum from an economic point of view. Speak 
ing of losses, particularly, there was a certain level at which 
saving one kilowatt of loss would cost more in the transformer 
than the kilowatt would be worth. A similar level existed for 
the other characteristics, and the present standard ranges 
of characteristics have evolved on a similar basis of economics 
The several characteristics are dependent on each other, so 
it is difficult to vary one without affecting all of the others 
to some degree 

The value of a given characteristic, however, varies with 
circumstances. If power 1s cheap, as at a generating station, a 
kilowatt of loss is not worth nearly as much as it is 100 miles 
away. The worth of low regulation is even harder to evaluate; 
sometimes it 1s essential to build a transformer with high 
internal impedance, which means higher drop in voltage at 
load, so that the possible short-circuit current will be limited 
to something the circuit breakers can handle 

It is mutually helpful if the user includes in his specif 
cation the values of load and no-load loss in dollars per kw 
so that the manufacturer can select the best ratio within the 
standard range. If the impedance specified or the ratio of 


le the standard range, the cost 


load to no-load loss falls outsi« 
increases. A brief des« ription of the design problem will help 


clarify this 


Impedance and Leakage Reactance 

A transformer has an internal impedance that is, in large 
transformers, mostly reactance I impedance as has been 
said, is desirable when the short-circuit current is to be limited, 
but is undesirable if the maximum voltage and kva are to 
get through to the load 

In a similar way, designer ive found that reactance | 
both a help and a handicap n transformer design. To attain 
a very low value of reactance adds to the cost, but to obtain 
an extremely high value of reactance add oO much to the 


loss that it finally increases the 
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Working flux, which 













PRIMARY does the work ' 
coi The ! tl lormer has more capacity than 1 needed 
Se eat Dut extr 1 may come in handy at some tuture dat 


Leakage flux, which 


Fe ha “ 








' ' eno ower to pay tor the higher cost 
SECONDARY does not link the | 
col secondary and is The opposite tuation happen when the reactance is to 
lost ( reas | ( ron los vot down thie load loss goes up 
the cost goes down. A smaller transformer would have 
pee better, except that 1t might not carry the required load 






could be added, and per! ips oil pumps, to make it carry 





e load. The the efficiency of the transformer goes down, 





expt e to raise again. The sensible thing, usually, 
ike the rher losses that go with the higher reactance 







Losses 






















Ls ( ur former are the sum ot: no load loss, whicl 
Lower reactance because the leakage © 19 the iron core that exists even though no load 
flux hes farther to travel across the rrent tlow the windings, and load loss, which is the loss 
core opening. But the iron and co | } lL, ¢} 

4 ° veer ised by loa irrent flowing through the winding resistance 

# LONGER CORE OPENING weight and loss are greater, the cost ; 
and losses are both higher Reduc } Vo-Load Lo If the no-load loss must be 
( the voltage on the transformer can be reduced; the loss 
ecreast mroximately as the square of the voltage This is 
eT ps the easiest way to see whal low no-load loss means; 
t the transformer is not redesigned, but the applied 
Apparent one Ta re ot reacta if might be best yitave my owered If 90 percent as much loss is the goal, 
Irom an app ition point ol ew and another range best to ¢ tage reduced to 0.9 or about 95 percent This seems 












! leSIZNe] eactal 1” 6 unt not ( ! i u i per of the effective transtormer capacity has 







ies tor the operator were the sam that tor the designe | et the ime kva out of the transformer the current 

but experience indicates that the best range of values for t be raise percent. The result is shown in the change 
operator I . yreater because tem COnditio I ro lig. 3a to 3b. Total lo has increased 5 percent and the 
ce In one part of the fem a low reactance may be ost ol ra tors to dissipate this extra loss must be added 











used, as in Fig. 3c. The 









TYPICAL VALUES 
% LOSSES 





PERCENT NO 
KVA TURNS REACTANCE | COST LOAD | LOAD TOTAL 
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15% fewer turns, | 5% larger core section 
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Put 17% more copper section back into each turn to get a larger 
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total loss is still higher, but the transformer costs a lot Ie 
Clear a smaller transformer with forced cooling is a better 
way to get low no-load loss 

( omparison ol big 3d and Fig oY indicate { ita irver 


transtormer oper ited at lower than normal! current will give 
the desired results. The cost is higher and in most cases woul 
be greater than the saving in loss evaluation 


Noise Limits 


noise 18 due to core expansion and co r 


Transformer | 


tion as it 1s magnetized and demagne tized 120 time per sec 
ond This is magnetostriction 

Ihe noise is usually the tank vibrating because it is driver 
by the core Ihe driving forces are such that no pract 
way has been worked out to hold the tank from movi 

Any element of the transformer, any operating handle 
cabinet bracket or door, arrester Support, relay arm, TI 1diator 
tank panel—literally and unfortunately, anv/hing—may have 


a natural frequency of vibration equal to one of the noise 


if it does, the 


Irequencies of the transtormer; an vibration 


of this element becomes amplified many times and may 


make a lot of noise 
lhe sheer power of the core vibration makes any real noise 
difficult; 


resonant, which may 


reduction very however many parts can 


lead to more noise than necessary. In 


other words, the basic level is hard to reduce, but any number 
of things may make it worse 

After the resonant parts are cleared up the main method 
of obtaining a basic reduction in noise is to reduce the driving 
force 

rhis requires a reduction in the magnetic induction, which 
reduction in 


in our basic transformer can be obtained by a 


voltage 


some typical noise figures on one parti ular tran 
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former that should be Kept re follow 
90 percent volt > decib 
100 perce t volt ( ecib 
110 percent volt ecibe 
Phi indicates how mucl ist be 1 for 
nose eve If the volt ( A) ercent { 
effective kva of the tra ! eda t “A perce 
and 10 percent of the transt be Leritice 
t to get 3 decibe ot iS 
The ituation 1S eve A ‘ t eca ( 
the tron lo mav be 15 to 20 ( ( VCT 
age, the copper loss | t eve to bi 
ethoiency ol the transtormer | é e mea 
that more copper must be ad 10 perce 
Thus, the noise reductio { lerated the t 
former by 10 percent but t st more mad 
creased it 17 and weight ( ( ( no Lrigres 
but the percent reactance a! t the re ed voltave al 
kva | increased 
If the reactance also has to | t down to the or 
value, the transformer becomes eve rver and more exp. 
ve. At some value of noise lev A omet iy iil 
10 or 15 db down from the st eve the e increa 
becomes so large that the ver e ol the tra lormer make 
it produce more noise, and it v by I ble to reduce t 
noise level, at any cost, unl the factors of eflicien ire 


completely iynored 


Summary 


These design factors are so terrelated that any change 
in one usually affects the othe Careful consideration of 
all factors, not just one esse { tain the best tran 


former for a particular appli 


NO REACT DB 
KVA LOAD LOAD TOTAL T ANCE NOISE 
LOSS LOSS LO 


100% 0.3% 0.7% 1.09 Mo 10% ys 
100% 0.27% 0.78% 059 YN 11.6% 73.5 
For 
d 

100% | 0.27% | 0.85% 1.124% 909 6% 74 

F For Fa 

Losse } Noise 
100% 0.33% 0.64% 0.97 y, 8.7%, 77 
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Fundamental 





nirol Was once popularly reoarded a 


j 


refined concepts of 


ad powe? 


certainty I hese fundamental c ncepts Of ft 


actor Con 


PPE PRESENT STATE of nuclear power plants in this country 
| is fluid, with many technical ramifications. Several types 
have been built or are now on drawing boards. Each reactor 
plant built thus far contains a different control system. Al 
though these control systems differ radically in mechanical 
design, many common theoretical problems and basic design 


concepts have arisen 


Elementary Physics of Reactor Control 

\ nuclear-power reactor consists basically of a fuel contain 
ing fissionable material, a moderator, heat-removing mean 
and a geometric structure in which a chain reaction can be 
maintained, Fig. 1. Inside the core is an initial source of neu 
trons for starting the nuclear-fission process. In the fission 
process, so called fast neutrons are produced which have 
high energies. Inside the reactor these neutrons suffer scat 
tering collisions which decrease their energy. If most of the 
fissions result from the capture of neutrons slowed down to 
thermal energies by collisions with the moderating materia! 
the so-called thermal neutrons, the system is referred to as a 
thermal reactor. When most of the fission processes are caused 
by the absorptions of neutrons of higher energy, sometime 
called intermediale neutrons, the term intermediate reactor \ 
used. The range of neutron energies in an intermediate re 
actor is from thermal energies of about 0.05 electron volts up 
to about 1000 electron volts. If the main source of fissions 1 
the capture of fast neutrons directly by the fuel without the 
neutrons having suffered any energy losses, the system i 
called a fast reaclor. Power reactors are of the thermal and 
termediate types; fast reactors are usually used in weapons 

Multiplication Factor—The chain-reaction condition that 
each uranium nucleus capturing a neutron and undergoing 
fission must ultimately yield a minimum of one neutron that 
will cause another fission leads to a definition of the multi 
plication factor, &. This multiplication factor is the ratio of 
the number of neutrons in any one generation to the number: 
of corresponding neutrons of the immediately preceeding 
generation. If & is equal to or slightly greater than unity, a 
chain reaction can take place. If & 1s less than unity the 
reaction cannot persist and will ultimately die down. For the 
chain reaction in the core to keep going, the production of 
neutrons must equal the leakage plus the absorption of the 


neutrons, or pr ' ‘ 
yroduc or 
Kq. | 
leakage 


where leakayve neutrons are those escape Irom the core 
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difference between a nuclear reactor and a 
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the basis for all present-day contr 


and are lost to the reactio 
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available to create fission 
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Fig. 1—Elementary components of a power reactor 


ymbol /* 1s used for the 
finite reactor contain 

is the mean time that ¢ 
neutrons by fission and the 
reaction. In equation (2) 
process were assumed to 
of l*. Actually a sma 
fission are given off at d 
tual fission proce S Oct 
duced after fissioning 
ol the total neutro! 
reactor and are called « 
eart of reactor contro 

Veutron Level—I\t 














are considered, the rate of increase for each generatior 


per ( ub centimeter 


nok. Vhe number of neutrons present 
after a lapse of time 1, is given by the expression 

n=neow ere ka 
where n, is the number of neutrons per cubic centimeter 
tially. On this basis, the number of neutrons rises « xponentia 
ly with time if the effective multiplication factor is greater 
than unity. The number of neutrons in the core is propor 
tional to the number of fissions occurring (for 3 x 10° fi 
sions per second, one watt of power is produced Phe 
power output of a reactor then is proportional to the number 
of neutrons in the core in any given time interval, and the 
symbol n designates neutron level with the implication that a 
power level is involved 


Period 


that amount of time a reactor takes to change its level by a 


The period 'T of a reactor may be thought of a 
factor of «¢ 2.718 Therefore in terms of period, the above 
equation become 

n=noc' kq. 4 


with J [* /dk. 
quantity; that is 


Ihe period of a reactor is thus a dynami 
when the reactor 1s in operation at a fixed 
power level, the period is infinite. Only when the reactor i 


changing level is there a finite measurable period 


Reactor State 

The state of a reactor at any given instant 1s defined by 
the multiplication factor. When & equals unity, the reactor 
critical; \¢ than one, subcritical; and greater than one 
supercritical. Hence, no power level is involved in the definition 
of criticality. A reactor may be critical at a level of one watt 
or a4 megawatt 

Subcritical Operation—When a source of neutrons is pro 
vided for starting the reactor, the number of neutrons that 
exist at the end of a sufficiently long interval of time after 
the source is inserted will be dependent upon k (Fig. 2). For 
example, with a & of 0.5 in a multiplying medium, the num 
ber of neutrons ultimately levels off at the end of several life 
times / to a value of n/n. 2. As k approaches unity, the sub 
critical multiplication approaches infinity and the number of 


neutrons in the medium rises in a straight line with time 


his situation holds only if there is a source present. Without 
an actual source, the neutron level in any subcritical medium 
must ultimately die down to zero 
Critical Operation—No mention was made of source 
the definition of criticality. Consequently, although the 
power level of the medium may have been inferred to be cor 
' 


0 


stant with & 1, obviously the source neutrons continue 
add in and create a rising power level. From a practical point 
of view this phenomena is noticeable only at extremely low 
operating levels. A reactor operating ata powel level hig! 
enough to produce useful power represents at criticality a 
steady multiplication by one of billions of neutron Phe 
usual reactor source strength may vary trom a few neutro 

per second to possibly a few million neutrons per second 
lherefore, the number of neutrons emitted by the source | 
only a minute percentage of the total involved in a power 

' 


operation. Consequently, for all practical purposes at power 


] 


operation, 4 l represents a state of constant power level 


Supercritical operation— Equation (3) describes reactor 


behavior when & is greater than one assuming that all neu 
trons are prompt. An illustrative example of the change ot 


level with reactivity manipulation for this condition may be 


given. Assume a critical multiplying medium with ar 





10 





of 10°* second; this is roughly the value of neutron lifetime for 

large graphite-moderated reactor such as the Brookhaven 
reactor. Now if a reactivity step change of +6k = 0.003 is 

erted in the reactor, the equation indicates that at the end 
of three seconds the power level will rise by a factor of 8000 
If this were the true reactor condition, the problem of reactor 
control would be most difficult if not almost impossible 
Fortunately, the effect of a mere 0.75 percent of delayed 
neutrons is such as to make the entire problem of reactor 
control a simple, feasible one. The relative neutron level for an 
actual reactor having an /* = 10° seconds as a function of time 
for the same step reactivity input previously stated is shown 
in Fig. 3. Although an explanation will not be attempted here, 
the effect of having delayed neutrons is at once apparent 
Where for prompt neutrons the power level soared to 8000 
times the original level in three seconds, when the reactor 
contained delayed neutrons the power increased only by 2.1 
times the original] level in three seconds. 

Prompt Critical—When the effective multiplication factor 
k of a uranium 235 reactor is 1.0075, the reactor is said to 
be prompt critical, which means that the reactor is capable of 
ustaining a chain reaction without the use of delayed neu 
trons. If & is greater than 1.0075, extremely rapid exponential 
multiplication of reactor power level results. For this reason 
most control systems attempt to prevent & from ever becom 
ing greater than 1.0075 


Elementary Reactor Operation 

Production of neutrons equals leakage plus absorption for 
critical operation If the production of neutrons is to be 
changed eitner leakage or absorption can be manipulated 
lo change leakage, a hole or a window might be put in the 
reflector. Changing the multiplication by absorption is the 
more commonly used method, particularly for thermal 
reactors; and control rods containing cadmium, boron, and 


other high-thermal-neutron absorption cross-section ma 





Fig. 4 
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for a manual-level change. 
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Fig. 2—Subcritical 


reactor multiplication 
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rods or shut-off rod (other road { 14 rod VNOSE 

function is to affect the power lev i Coarse ft er, A 

regulator rod is often used 1 ( e change reactor 
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Po compen ate for luel deplet d other effect in 


tiplication factor of k vreater t one must be b t inher 
* ently into the reactor and the Crea tvremoved bh 
* { by serting control rods part » the reactor to obta 
Ay 7? PP py > critical operation. The total 1 { ition the multipl 
dp’ 


medium po “ ~t Vhel ( tf ) re ¢ plete ( 


tracted, minus one, is termed ¢ ( reactivity. One is the 
total amount of multiplicat ( ed ( ( 
trol rods are completel erte the hull n reactivil 


ol the reactor 


If a reactor 1s initially crit ww power level, and the 
level is to be increased, the ( ! ! 
rod a small amount and « ( ( iit | lactor f 
from one to a value ght eater tl one. The neut 
level then starts to rise, and ( pwer level rise ind 
proaches t] e desired ultin e level. the contro d must the 
be inserted back to where / 1. Tf me ticipatio TO 





vided in the system, the { te yout the 











shown in Fig. 4 but ultimately will settle 
nal position. Power level is independent of 
1 in order to change power level the contro 
mporarily in or out of the medium and ther 
original position. This reactor concept 1s the 
ictor control. As fuel in the reactor is used up 
ions occurring will decrease; consequently 4 
ced and control rods will have to be moved out 
ate for the reduction in k 

Temperature Coefficient—Other causes exist for 
ontrol rods, one of them being the temperature of the 

Most reactors have what is termed a negative lem 

Fig. 5 ' coefficient; as the reactor heats up, its reactivity 
Elementary opera- F oe Fe ae reduced. Reactors that have water or gas as moderators usua 
ge thd : , Se I navy large negative cemperature coefficients. This tem 
coethcient is actually a most Important control 


temperature coefh- 


cient and constant vaarameter 


coolant-inlet : } 4 : xample, assume that a reactor 1s critical at a low 
temperature oe 3 pov el and con equently is effectively at room tempt ra 
e control rods are in a given fixed position. Now, 

: ome external means such as that of heating the re 
COOLANT OUT ( coolant the average temperature of the reactor is raised 

it might actually run as a power reactor. This proc 


ng reduces the reactivity of the reactor. Conse 
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Fig. 6—Relative peak xenon poisoning reactivity as a 
function of time after shutdown for a thermal reactor 
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quently, the reactor is no longer critical but probably greatly 
subcritical. Control rods must then be extracted to make up 
for this loss of reactivity. Actually it does not matter whether 
the heat is applied from an external source or whether the 
reactor power level is changed. Cold critical then refers to the 
position of the control rods when the reactor is critical at 
room temperature, and hot critical refers to the position of the 
control rods when the reactor is critical at its normal operat 
ing temperature 

\n interesting type of control-rod operation results when 
the inlet temperature to this type of reactor remains constant 
For a simple example assume that the coolant into the reactor 
is supplied from a faucet or equivalent at constant tempera 
ture and the coolant out of the reactor is used in heating 
radiators and then dumped, Fig. 5 

If the flow from the faucet is constant, as the power output 
of the reactor rises, the average temperature rises, and to 
compensate for this rise in average temperature, control rods 
must be extracted to keep the multiplication factor unity 
Assuming then that the control rods are equally effective at 
all positions in the reactor, it can be seen that under this 
condition the position of the control rods is directly propor 
tional to the power output of the reactor. In a practical situa 
tion many other Lypes of programming can exist. The position 
of the control rods will rarely be either of the two imple 
functions of power level just described 

Fission-Product Poisoning—Another quantity that plays 
a vital role in the operation of large thermal power produc ing 
reactors 1s fission product poisoning As the reactor continues 
to operate, fission products are created from uranium 
Many direct-fission products exist, and in addition, a host of 
daughter nuclides are created by decaying emissions from 
these fission products. Some of these direct and indirect nu 
clides may have large cross sections for the absorption of 
neutrons, and therefore they can act as poisons. If produced 
in appreciable amounts, these poisons can affect the over-all 
multiplication of the reactor. Because some poisons continue 
to be formed by radioactive decay even after the reactor is 
shut down, the concentration of the poison can increase to a 
maximum after reactor shutdown. Obviously, additional ex 
cess reactivity must be designed into a thermal reactor to off 
set this effect 

Because of its large thermal-neutron-absorption cro e 
tion one nuclide is of particular interest, xenon 135. Xenon 
135 is formed as a result of the decay of the direct-fission 
product, tellurium 135. Tellurium 135 actually consists of 
over five percent of the direct-fission products, and decays 
rapidly by beta emission in the following manner: 

re! 1 min | 6.7 hr Kels 9.2 hr ( 2.1% 10° yr Ba 

—' —» —_——> 

Barium, the final end product, is stable. Xenon 135 has a 
extremely high probability of absorbing thermal neutrons, 
and later decays to cesium with a half life of approximately 
9.2 hours. The steady amount of poison built up from thi 
source during a power-level operation is called equilibrium 
xenon potsoning 

When a therma! reactor is shut down from a high-power 
level operating condition, the thermal-neutron level is effe 


tively reduced to zero, and the xenon 135 concentration goe 


up to a maximum from the iodine 135 which has been 


previously formed. Ultimately the radioactive decay of xenon 
to cesium takes over and the total xenon concentration drops 
off. The time involved in this process is shown in Fig. 6 
with a peak In xenon concentration appearing approximately 
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Fig. 1—The control center. Here generator output and ex- 
citation can be measured. Elements in development stages 
can be installed on table at left, and their operation observed. 







OORDINATION of the many interrelated « omponents ol any 
electrical system is at best a complex job. Aircraft elec- 
trical systems are no exception; 1n Tact, the nature of their 
task often imposes unique requirements 
In an a-c aircraft system, the most important factors are 


es performance and reliability. Achievement of satisfactory re- 


ults, of course, requires careful system analysis, and the 











ae : . 

Fig. 2—The power center (left) and patch panel (right) development of gor «1 components to meet the necessary system 

Different bus configurations are obtained by changing : : 2 
requirements. In the development of a-c elec trical systems, 


jumper connectors on the power center. Control and pro- 
tective components are interconnected on the patch panel however, another step is needed in most cases to prove sys 
according to the system design under consideration tem performance and reliability. This is an actual test to 


evaluat 
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Fig. 3 

These 200-hp variable-speed d-c motors 
are two of the four prime movers 

for the four-generator mock-up. 

They are used to vary the input speed, 
thus simulating engine speed changes. 
The a-c generators are on the 

near end of the shaft. 


Many problems in a-c systems cannot be solved easily by 
calculation, this is particularly true where two or more gen 
erators are operated in parallel. An actual system mock-up 
thus provides the best means for overall evaluation. Such 
a mock-up—designed to simulate actual aircraft conditions 
is shown in the photographs on these pages 

This test facility is designed so that from two to four gen 
erators, with ratings up to 60 kva, can be operated in parallel 
Two of the drive motors are 200-hp variable speed d-c; the 
speed of these motors can be varied to simulate engine speed 
changes. The other two drive motors are 200-hp a-c induction 
motors. The ratings of these motors, which simulate the air 
craft engines, is large enough that overloads and faults on the 
aircraft electrical system do not affect appreciably their speed 

hese motors are connected to the aircraft generator 
through Sundstrand constant-speed drives, which are identi 
cal to the drives used in aircraft. The a-c generators are in 
turn connected by plug-in type leads to the permanent wiring 
in the test facility 

The power center and the pat h panel used to interconnect 
the various system components are shown in Fig. 2. The power 


Fig. 4 

A close-up of a 40-kva 

a-c generator driven by a 
200-hp induction motor 
on the mock-up 


Fig. 5 
are these 200-hp a-c induction motors. 


The other two prime movers 




























center is arranged such that | power jumpers any 
bus contiguration can be obtaine \lso lauit i ( 
to-line ine-to-ground, and ope LS¢ ry ed to the 
bus system, to the generator feeder r to the load feeder 

()s« ograp! It recording equ ent be imsta ed by mean 
ol plug-in jumpers, thus math r it eto obt perma 


nent records of fault condit 


The various contro ind pr! ( e component can pe 
interconnected on the pat r Cl ent wv 
stalled from the svstem current tt! for el the variou 
tem circuit breakers, the re ( troland protective 
panels, the flight engineer tr ( d from the gen 
erator. Any system desk eg | ind accurate 


connected by jumpers 


The control center how mita the contro 
for the system and the measur metering device 
addition to the built-in meter cle es, others can be added 
to the system to enable pe ( Also. if observatio 
ol the operation of contro ol rotective rela nec il 
these units can be readil' mnecte to the tem on the 
table shown in front of the pane 

System analysis and the dev ent of reliable compo 
nents are fundamental, but not sufficient to achieve the best 
system performance and reliabilit Pest and ¢ lation b 


laboratory, ground, and flight va ire required to prove 
the electrical design ist as the e to prove the aircraft 
aerodynamic and structural ce Flexible test facilitie 
such as this system mock-up ea meat to prove ane 
demonstrate system performance, and iddition provide 
data for future component and tem developme 
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Transductor 


Applications 


new mapnett amplifier circull 





for a ‘‘d-c transformer’ for mea 








MALL VOLTAGE and current Magamp transductors have 





been employed for direct-current and potential isolation 





n industrial, railway, and mining applications lor severa 





years. Functioning as d-c instrument transformers, they are 





connected to shunts or in parallel with a section of a bus for 





d-c current indication, and directly across a d- potentia 





for voltage indication, thereby providing isolation of instru 





ment and control circuits from d-c potentials of 300 volt 





and above 


\ Maygamp transductor is a magnetic amplifier of the sat 






urable-reactor Lype The small transductors that have beer 





employed for potential isolation consist basically of a pair 





of two-winding transformers and a full-wave rectifier 


hown in Fig. 2a 






The application of small transductors to metering and 





control circuits was made practical with the introduction of 
lable 


core materials do not provide an exactly linear relationship 





quare loop” core material. However, even the best ava 






between the input and output currents from zero to full input 





Ihe first small transductors were commercially applied wit! 


the basic circuitry shown in Fig. 2a. The output current at 






vero input (Fig. 2b) is reactor magnetizing current. Since 





an appreciable output exists for zero input, a transductor wit! 





these characteristics has limitations in instrumentation and 





control applications. For example, totalizing of a number of 





circuits is a difficult application to make practical. Further 





more, the indicating instruments used with this transductor 





were hand marked to agree with the transfer curve 






Push-Pull Operation 





The first answer to the problem of non-linearity was the 





use ol two ol these basi units, as shown in | iv. da Phe dotted 





lines of Fig. 4b show the transfer curves of this combination 





with the output of the two units of opposite polarity The 
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iddition of bia windings to the two basic units shift the 
transfer curve indicated by the solid-line curves. If the 
output circuits of the two basic transductor units are then 
connected to separate and equal windings of an instrument, 
the effective resultant ampere turns will be a straight-line 
function of the input current 

rhis use of two basic units is now known as a push-pull 
transductor. The arrangement shown has the disadvantage 
that the end device must have two entirely separate windings, 
limits the field of application. The addition of dropping 
resistors makes possible the use of an end device with a single 
winding. Since any current drawn by the end device to meas 
potential difference results in non-linearity, the 
irrangement can only be used with instruments that require 


ire the 


no current (such as null-type instruments) if no error is to 
result. Hence, the field of application for push-pull trans 
ductor also limited 

\ push-pull transductor is polarity sensitive. However, 
only a limited number of applications require polarity sensi- 
iddition to the application disadvantage discussed 
ibove, a push-pull transductor requires a relatively large 
number of components. And close matching of the basic char- 
icterist of the core elements and special calibration is 


sual required 


New Transductor Design 

\ transductor circuit has recently been designed which 
eliminates the undesirable characteristics previously dis 
cussed, This has simplified its application and made new 
ipplications feasible. The circuitry is basically the same as 
that previously employed except for the addition of a trans- 
former between the series-connected reactors and the output 
rectifiers, as shown in hig sa 

Phe addition of the transformer, T, makes possible a trans- 
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Fig. 2a 
Basic transductor 
circuitry. 












Fig. 3a 
Transductor with transformer 
connected between reactor output 
and rectifier input to eliminate 
output at zero input. 
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CALIBRATING 
D.c BUS ADJUSTMENT 










120.VOLT TOTALIZING 
Fig. 1 (left) Fig. 3b ac [1 s AMMETER 
Typical installation of Diagram showing how ‘ INPUT 
current transductor of Fig. 3a standard resistor assembly oF - td 
design. Transductor is connected is employed to simplify — rs 
to 100-millivolt shunt. transductor application. aepuT Al 

ouTPrutT 








CALIBRATING RESISTOR ASSEMBLY 







Fig. 2b 
Actual transfer 

curve of transductor 
employing circuitry 
of Fig. 2a. 












Fig. 3 

Transfer curve of 
transductor employing 
circuitry of Fig. 3a. 























ductor that has essentially linear characteristics, and zero \ measure of the suitability of a transductor for a wide 


d-c output with zero input. The circuitry obtains these re range of applications is its stability under various operating 
sults primarily because of the non-linear characteristics of conditions, The three most important stability consideration 
transformer ‘T at low values of current. As previously men for application of transductors are (1) supply voltage varia 
tioned, the transductor reactors provide a magnetizing cur tions, (2) temperature variations, and (3) output resistance 
rent output at zero input. The transformer can be designed variations. Experimental results obtained with a potential 
with characteristics such that the magnetizing current of the transductor of the type shown in Fig. 1 for these three basic 
transductor reactors with zero input is just sufficient to excite stability considerations are shown in Fig It will be noted 
the transformer. that the error for a relatively large range of supply voltage 
Actually, the exciting mmf due to the exciting current temperature, and output resistance is small, and hence 
does produce a flux change in the transformer core, and con need be given little consideration in applying the unit 
sequently a low voltage is induced in the secondary winding A single current-transductor design and a single potential 
of the transformer. Theoretically if the rectifier, R, was transductor design of this type can be used for all instrumen 
perfect, an appreciable output would result. However, recti tation and control applications where unidirectional current 
fiers do not have linear characteristics at low voltage, and flow is to be measured. The single basic design of thi 
therefore do not have appreciable outputs. type of transductor provides approximately a three milli 
It is apparent from the foregoing that the combination ampere d-c output for full scale, since low values of current 
of a properly designed matching transformer together with are adequate for instrumentation and control application 
the inherent characteristics of the rectifier can result in a lo simplify manufacture and testing procedures, no attempt 
zero output current with zero d-c input. Fig. 3c shows a is made to have the transductor provide an exact current 
typical transfer curve for the new transductor circuit. The output for a particular input value. Instead a calibrating 
transfer curve provides zero output with zero input and is resistor assembly is provided with each transductor to provide 
essentially linear over its working range. A typical installa for accurate adjustment regardless of the particular instru 
tion of this design current transductor rated 100-mv input mentation or control application (Fig. 3b). Resistor K is the 
with 3300 volts d-c insulation level is shown in Fig. 1 only adjustment required to provide the desired output 
&3 
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ta—Iwo basic transductor units connected in push-pull 


Fig 


current. Terminals are provid resistor 


j 


j 


that a iammeter can be connected to indicate 


ol 
duc tor | 


I 


tuce | | 


individ circuit to w 


(other 


the 
| 


} 


current in la Ti 


connecter terminals are made available 


Vor 


provide 
that 


mill to the current 


| 


ailiy 


drops proportional input 
he rea 
/ 


olt drops ol all transd 


80 totalizing ol number of circuit 


hed by 


0 itput circuit 


any can 


accompli adding the mi ctor 


Telemetering 
Ihe fact that 
an output resistance of 10 000 ohms or more makes po 


the 


the new transductor can be operated into 


ible 
use of this transductor for telemetering over metallic cir 
cuit Only 


the 


a single pair of line wire 


Lo 


. required to connect 
Since 10 000 


] 


transductor the remote milliammeter 


ohms is in series with the line wires, the error that results from 


a change of line-wire resistance will be negligible for line-wire 
resistances up to 2000 ohm istance than j 


t 


more re 


encoun 


tered for mo telemetering applications using complete 


metallic circuit 
()} cour 


that 


e, the transductor provide a d-c millivolt ov 


can be connected to a telemetering transmitte 


applications where telemetering cannot be accomplishec 
circulation of direct current over a pair of wire 
Single Design for all Applications 

Ihis ba be 

employed in all instrumentation and control application 

ol Where both 


ingle ic transductor design can universally 


l lor 


a Single direction current flow direction 


RATED INPUT 
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© 








current 


URRENT 


€ 


INSTRUMENT 


Fig. 4b (right) —Transfer 


curves showing effective dif- 


ferential current resulting 


from push-pull operation of 


two basic transductor units 


’ 
of current flow 


are desired, a bias winding can be added to 


this same basic transductor and two transductors can be 


connected to provide push-pull operation to give output 
Applic 
implified because for all practical purposes linearity has 


Also, 


imple calibrating means take care of small differ 


reversal ition problems with this type transductor 
are 
been achieved and zero output results for zero inp it. 
tandard 
dividual transductors. Thus, the application of 


| 


( in I 


« 


transductors has approached the relative simplicity of a-« 


ind potential transformers. 
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An Engines 


«6CY AM may not have the greatest number 
S ol patent n Westinghouse, but they're 
certainly the most diversified.” 
rhis compliment recently paid Samuel 

B. Griscom by one of his associates is an 

For although Griscom has 


most of his 34-year Westinghouse career 


apt one pent 


as an electric-utility engineer, his diver 


sity of interests and abilities keeps him 


ever in search of better ways of 


doing things 


new or 
He has an uncanny sense of 
proportion lor grasping a problem, Irom 
which comes a practical feel for what the 
answer should be. These attributes would 
scem most desirable for a consulting engi 
neer, and indeed, Sam Griscom has used 
them well 

Ihe skilland resourcefulness with which 
Sam Griscom attacks a problem are re 
flected by the patents that have resulted 
from his When the theory of 


tem stability was in its infaney, 


tudic 
power y 
Griscom participated in staged tests to 
developed theori He 


came up ¥ ith a fundamental idea for high 


prove the ne wly 
peed reclosing, and invented a basic me 
chanical analogy for transmission, 


vhich ha Wce 
trate the concept of 


power 
been used universally to 
ystem stabil 
that Va 
eloped to illustrate his me 
analogy | till in use. He ha 


model ee photograph 


originally dev 
char cal 
been a regulator 


co-inventor of several 


ystem and has come up with patent 


for such devices as initiating elements for 
automatic o cillographs, a generator 


grounding tem, a transmission-line pro 


tective tem, and a starting means for 
ynchronous motors, to name a fe 
Griscom’s ability to apply himself 


wholeheartedly to the task at hand started 


in college. He entered Cornell University 
in the fall of 1917 and graduated with a 


degree in electrical engineering, com 


pleting a five-year course in four year 


rhis was accomplished by passing special 
examinations in some subjects for which 
he studied in his spare time. He came im 
mediately to Westinghouse on the Grad 
uate Student Course. In one of his student 


assignments, he worked in the engineering 
labs perlorming ce 
lightning arresters. His work wa 
ciated, and he 
to continue the testing. Ho 
and a half in the la 
Griscom began to yearn for a wider va 


In 1924 he 


velopmental tests on 
appre 
agreed to leave the grad 
uate course 
ever, alter a year 


riety ol problem transterred 


to the central-station section of the Get 
eral Engineer ng Department Hj first 
project n the department ] not €a 

forgotten. He a ted in an exceeding! 
detailed analysis of the Virginian Rail 
road. He smile vhen he recalls that ‘ 
men worked better than six month th 


hand calculator 


Personality 


Er 
electrical network by conve I il vector 
methods the ime problem ca e done 
on i calculating boar 1 today 1 about one 
week’s time 
His attention was next devoted to sub 


jects of power-system stability. He 
with uch people as C. L. Fortescuc 
Evans, and C. F. Wagner, a ting them 


in their development of the t 


pects ol long, high Vvoliltawe elect! cal 


power transmission, During this time he 
picked up additional experience in the 
utility 


vorking for the 


field as an exchange ¢ 


Southern ¢ 


ngimeer, 
lal hd 
Shortly 

1927, 


ilitors 
on Company in Los Angel 

after returning to We 
theory of high 


rcuit breakers tor pre 


tinghouse 


he developed the peed re 


clo Inv Ol power! ( 
vention of interruption. The prin 


r ples of th nvention have nee been 


widely accepted, with numerous installa 
tions in this country and abroad 
Qe | 
d V Mad ponso ng 
In 1929 he was made a nsor engi 


neer, to a t utilitie 1 the 
of West 
ignment wa 


whi h 


l ipplication 
nghouse equipment H first a 

ith utilitie ear Detroit, 
Michigan and 


ncluded the state of 


parts of Ohio. Shortly after this he picked 
up the remainder of Ohio, a vell as 
vestern Pennsylvania. Later he added 
everal project n the southeastern state 


beat wa hifted to the 


In 1941, | 


vhich include 


compan eastern district 
New York City and small portions of the 
tates of New York and Ne Jersey. Al 
though the physical territory i mall 
New York City 1s a central location tor 
mal utilit ndicate and consulting 
engineering firn ell as the headquar 
ters for the company’s international bu 
ne Thus the cope ol } activity wa 
broadened considerably otl could 
have been more to Sam liking 

Now an Advisory Enyineer in electric 
utility engineering, he work vith utilit 
companie orld wide. In Ind i, hea t 
ed in the twelve-million dollar Nangal 
project n Brazil, it was the Paulo Afonso 
hydroelectric-power development; during 
the war he spent a lot of time on the special 
facilities for power generation and distr 


bution for the Manhattan pr ect: add t 


this the countl number of other p ect 
n which Griscom nvolved._all over the 
vorld, and you have some idea why, as fat 
as he concerned It the hest ioh 
Wi tinghouse 

Garis pe il terest } eve 
more diversity. He had amateur 
license before World War I. After colleg 
e de elope , flor la 1 pla ed 
is he describe ft { tic f pe 
riod eal Ih f ed | ~ 
cate bridge, often two and three se 

eck. | 1936 astr Ol ( ivht I , 
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tallaty n 


refrioerator-and-freezer combination 


asher and dr yer units can be mounted 





units are made in | th two-and four 


inoement and all come in a 


| 
hle al nl & pper Chrom 
id 


vill illu trate our 


This 17-inch wide True-Temp oven is a new 
addition to the Westinghouse line of built-in 
ovens. It is equipped with an automatic 
timer, clock, single-dial oven control, and all 
controls are located below the door out of the 
heat zone. Styling of the oven carries out the 
family resemblance to the new built-in 
refrigerator-freezer combination 


For surface-cooking capacity in conjunction 
with the built-in oven are two new 2-element 
surface-cooking units. The unit shown features 
“gets 


‘ 


a new 6-inch Super Corox element that 
red hot in 20 seconds” and another 6-inch 
Corox element. Another model offers a 
6-inch standard element and an 8-inch 
Corox element. Both models have remote 
controls that can be located at any convenient 
place near the unit —possibly on a counter 
backsplasher out of reach of children, or 
right on the counter top beside the units. 
Ihe separation of the usual four-surface units 
into two groups gives flexibility for locating 
the units anywhere in the kitchen, wherever 
specific cooking jobs are to be done 


WESTINGHOUSE ENGINEER 








| 























A two-door combination refrigerator and freezer 
can be installed horizontally (below) with the 
refrigerator and freezer compartments 
side-by-side, or vertically (right) with the 
freezer compartment located beneath the 
refrigerator compartment. Both the vertical and 
horizontal model have total storage volumes 

of 12 cubic feet —with a refrigerator capacity 
of over 812 cubic feet and a freezer capacity 

of over 3 cubic feet, providing storage for 

over 105 pounds of frozen foods and ice cubes. 











This is one of the four dream kitchens shown 

by Westinghouse at this year’s Furniture Market. 

It features a built-in horizontal installation of the new 
Westinghouse refrigerator-freezer combination, a 24-inch 








built-in oven, a 4-unit surface cooking platform, 
and under-the-counter installation of a 
dishwasher and a food-waste disposer. 









A new innovation in home laundry equipment—completely automatic washing 


and drying in a floor space just 25 inches wide —is possible with this new 25-inch 






dryer and its matching twin, the Laundromat 25. These two appliances have 






been designed to permit dryer installation above the Laundromat, making the 






two into a single unit. This not only saves space, but it also permits the homemaker 






to dry one load of clothes while another is washing 






Ihe front-opening feature, combined with the front-mounted control dial on each 





model, makes the vertical installation possible as either free-standing or built-in 






units. The appliances can also be installed side by side. Features of the new dryer 






include a modified direct-air-flow system for quicker drying, and a door that can 






be hinged to open right or left, whichever best suits the installation requirements 
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Cold Tests for Turrets 


bubble” 

electron computing 
assembly is mounted in the 
space-simulator chamber. A 
was required that would intro 
boresight shift 


} 


amber 


in the radar beam 
hermal conductivity low enough that when 
hambet 54 degrees C, the outside 


be above point or about + 28 de 


I prevent condens; 
Po elimi 


or problem was the elimination of boresight 


metal cold chamber. This was 


truncated cone ot r-l absorptive material 
intenna, and a 


a imber 


proximity of the 
ab orpti 


ul 


wooden extension to the cold 
tem Seer 


! allowed the antenna and turret to be moved 
rotating n ¢ i iv metal chamber 
idar beam, relay I rel 


reflect the beam back to the turret 


only the gun barrels of the tail turret project 
ponder horn alter a ultable 


Irom the 
delay, repre ting hee 


use the turret operation must be checked optically by 
( il for a radar beam to travel and retur! 


to the optical device on the 
In operation the 


id 


chamber into the free space tunnel. This 1s 


H the gun barrels 
aistance in pace Also on rotatt ! vel 
ponder horn an optical device tl 


radar fire-control 
tating transponder horn and com 
i I check th po it ! ) i ausing the 


system 

putes the lead 

turret guns to follow the 
yptica ystem checks to see that the 

( eiection ol a hits iho 


imi has not affected the 
door for the cold-test chamber 


target 
freezing cold of the 
problem Wi i] 


system’s ability to “think 
iccurately 
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In tower-type bridges, such as this one in Buffalo, New York, two 
separate drives, one in each tower, raise the span. This means 
that the two sets must be closely synchronized to maintain the 
bridge in a level position as it moves up and down. The d-c ad- 
justable-voltage drive that powers this bridge is controlled by a 
combination magnetic amplifier and Rototrol regulator that 
maintains the span level within one inch over the complete travel 


A transistorized amplifier for controlling 
an electro-hydraulic control valve in a 
high-performance servomechanism is the 
first step in the development of an 
all-transistor automatic pilot for aircraft. 
Transistor circuitry offers advantages 

in size, weight, and efficiency over 
previous conventional circuits employing 
vacuum tubes and magnetic 





amplifiers. The silicon-junction 
transistors used will operate satisfactorily 
throughout a temperature range of — 55 
degrees C to +100 degrees C. 

Phe transistorized amplifier compares the 
sum or difference of several command 
and feedback signals, amplifies the 
resulting quantity, and provides the 
necessary electrical power to operate an 
electro-hydraulic control valve. 























from down position to the top. The use of adjustable-voltage in 


stead of an a-« 


drive reduces the likelihood of the bridge drive 


seriously affecting voltage regulation of electric-utility systems, A 


similar drive, without the circuits that maintain the span level, ts 


used on a bridge in Seattle. This is a bascule double-leaf bridge 


whe re there is no need to kee p leaves in pe rfect synchronism; this 
























is the first use of adjustable-voltage drive on a bascule leaf bridge 





High-voltage lightning arresters grow 
smaller and better. Another mechan: 
cal construction has been added to the 
four already in use, providing still 
greater flexibility of design to suit 


station needs The new type-SVS ar 





rester consists of self-contained units 





about half is high as those hitherto 
standard The reduction in height 1 
accompli hed by arranging three 
stacks of ecleme nts ina single porcelain 
housing. The stacks are physically mn 
parallel and electrically in series, The 
clements are full-size Autovalve station 
type blocks and series gaps. Improve 
ments have been incorporated in both 
thereby lowering the protective chat 


acteristics and increasing the surge 





current withstand ability Ihe SVS 





arrester requires no mechanical brac 
ing even up to the highest voltage 
ratings. Thus, installation is simplifie d 
and space requireme nits reduced Ihe 
heights of the units are the minimum 
considered practical the limitation 
being cree page distance and wet flash 
over over the outside of the housings 
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Permanent-Magnet Rate Gyro 


"geen PICALLY SEALED, permanent-magnet rate yyro ha 
been de ined lor use in armament control systems where 





extreme accurate anyular-rate measurements are necessary 
The spinning gyroscope whee mounted in a magne im 
gimbal su po nded on ball bearing A current coil is rigidly 


attached to the gimbal, and free to rotate between two power! 
When the a 


the aircraft makes a turn) the yyro cope resists 


ful permanent magnet embly is turned (wher 
turning witl 
lorce proportional to the rate of turn. The interaction of the 
permanent magnet and coil when a current flows in the co 
creates a force in opposition to the gyroscopic force. Ther 
fore, the current necessary to balance the gyro copic force 


in accurate measure ol angular rate 
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Electric Couplings Gain Their Independence 
WwW" RE PREVIOUS electric couplings have been overhung 

from the diesel engine and driven gear respectively, a new 
electric coupling for the Navy’s LST vessels will be supported 


levices for transmitting torque by 


pilings are 


eans of electromagnetic forces, in which there is no contact 


between the driving and driven member. The outer member 

rries poles which are excited by direct current through slip 
ring The inner member has a double-bar, squirrel-cage 
winding. Rotating either member will, by induction, cause 


orque to be exerted on the other member and the speed of 
wo will only vary by a small slip required to produce 
torque 

iplings are used to connect more than one diesel 


engine to pinions driving a common bull gear connected to a 


rhe electric coupling eliminates show ks and 


A new d-c magnetic brake (T'ype SA) eliminates all need for 
adjustment throughout its service life. Designed primarily for 
steel-mill and crane service, the brake can be used on all 
applications requiring rapid stopping of a motor, suc h as 
hoists, conveyors, turn tables and lift bridges. Brakes are 
usually floor mounted with the brake wheel mounted on the 





Wes, 

& shaft extension of the motor, but can be mounted directly 
: on the motor frame by means of a special brake adapter. Once 
od brakes are set for proper torque, no further adjustment is 
Mi: required during the life of the brake lining. The brake 
a automatically adjusts itself to compensate for brake-lining 


wear and expansion of the brake wheel. By not permitting shoe 
tips to drag, the self-aligning feature provides for even lining 
wear, and in some applications increases lining life about 50 
percent. Wheel wear and scoring are also minimized. The 
brake is available in sizes to fit all d-c motors. Applications to 
a-c motors are possible with the addition of rectifiers 





In literature... 


( ri cht eto Charl \ Powel, review the everyday 
ince ! ol proble ms facing the electric utility engineer 

Is¢ e | con ill branches of the industry. Typical chap 

iha stituted several ter discu corporate organization, objec 
pments and set up com tives, and finance; sources of energy team 
of methods for barrel venerating stations and their auxiliarie 
ctronic Tube Division transmission systems and equipment, power 
hed by the Reinhold listribution; power-system fault control 
on of New York, and gyhtning phenomena and nsulation co 


rdination. 
Mr Powel has had 43 Veal experience n 
A graduate of the Insti 


e of Technology, Bern, Switzerland in 


power engineering 
tut 
1905, he served 10 vears with Brown Boveri 

id Company, including four years as resi 
n Japan. In 1919, Powel joined 


where he remained until his 


lent engineer 


Westinghouse 
retirement in 1949 as assistant to the vice 
president of engineering. He then joined the 
tafl oft the Massachusett Institute of 


where he lectured on everyday 





Pechnology 


itilit istry is too problems of the utility industry until 1954 
h entiret a He $a past pre ident of the AIEI 
entials of the industry Phe book is published jointly by the Tech 
ing engineer starting logy Press of the Massachusetts Institute 
Vv 251-page wok, Prin f Technology and John Wiley & Sons, Inc 
Engineer ne, by ind is pr ced at $6.00. 


WESTINGHOUSE ENGINEER 



























































limits the transmission of torsional vibrations, acts as a QUICK 


disconnect clutch, limits the maximum torque to a safe valu 








































and permits a small amount of engine-gear misalignment 

In past applications, the inner element has usually been 
overhung from the engine shaft and the outer element from 
the gear-pinion shaft, although there are cases where this has 


been reversed. Because of high shock requirements, the LS] 


couplings have been supplied as a complete unit with bearing 
and bedplate 

Another feature of the LST coupling is the provision tor 
straight-through drive in case of electrical failure. This drive 
is the equivalent of supplying a flexible coupling of fuel-engine 


horsepower capacity that will take misalignment, no eas) 


used for emergency drive, the direct-drive parts become iy Fa 
ventilating fans, and can also be used for shipping supports o> 
¥ 
; € as 


problem in itself. Clever design has provided that when not # 
if i 


Electric Stairways 


we | LONG desperate tre} the college campy ire 








being mechanized student re CLASSE on eer 
tric stairways! This innovation Lire taken place in the 
University of Illinois’ new §$ (0) OOO East Dentistry-Medi 
cal-Pharmacy Building in ¢ » where issroom and 
laboratory pace Is provided lor t ent ol pharma ind 
other proles ional college 
len Westinghouse electric st ‘ trave iw at 120 feet 
per minute are capable of tra worting more tha 10 000 
students to their classes in a te te period. Cor leralb 
faster than usual stairwa\ A el] OO leet per minute 
these expre models can cart ent trom the basement 
to his cla on the fifth tloor ‘ wit » pull 
M. A. Schultz joined the the ewl ( 
formed Westinghouse Atomic P er |D imp 
Nuclear " i or n 1949 a Manage - In tru entatiolr pone 
Rea tor .. 4 ‘ and Control Subdivision. In this ¢ ipacit he | 
was respon ble for the instrumentation and typ. 
( ontrol = L control deve opment ol the submarine ther pulse 
mal reactor plat ts and for much of the cor Ott 
trol philosophy of present-day pre nized truct 
The irticle on tundamental ispect ol ater reactol trat 
nuclear reactor control appearing on page The bool published | McGraw-H f 
74 of tl ue Wa ibstracted trom a new Book ( 1) } priced t 3/900 cre 
book Contr of Nuclear Reactor and t c ¢ 
Power Plants by M. A. Schultz. A practical ‘ | 
ipproach to control design made throug! 
the use of conventional servo-engineering ai y tor ‘ 
method Reactors are treated as element Ele fron aia tra Hf 
of larger control tem vith servo-mecl t 
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should be known for variou 
istics ol instrument transto 


When new equipment 
OVERCURRENT 
} oe GROUND RELAY characteristics of other prot 


OVERCURRENT must be known kor exam} 
RELAY 
relays require i knowleds 


tics ol other protective equip! 
current trip devices o1 


FY a + hich the new equipment 
wQ | RESISTANCE 


$ a Basically laving of 
GROUND > i i , relaviny ¢ 


< SUDDEN-PRESSURE 
f{ over- | RELAY ystem usually affects the 
= CURRENT 
GROUND system. Protective equipment 


| (yaar 


SUDDEN-PRESSURE 
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difficult and sometimes impo 
{wi} J protective system 


TRIPS BREAKERS 
1,2 
- > os . ‘ 
( OVERCURRENT Protection of System Components 
RELAY 


iaiiiinanimnaiaiaaiaiiaaal Generally speaking, an 
into protective zone ot 
results when a fault 1s 1s¢ 
ciated circuit breakers 
zone include only one ma 
erator, transformer, bus, trat r circuit 
While this is an ideal setup onsiderations often 
dictate that more than one { component be included in 


OVERCURRENT ye . Over a parth ular zone ol protectiol | tion ind | the 
RELAY q "L.CURRENT 
RELAY many relaying schemes used fo protection o i one 
j/ ' ' 
\ OVERCURRENT T would be impractical. However description of some of 
_) GROUND RELAY Over- 
CURRENT/( 
GROUND 
RELAY 


the relaying schemes used i [ { ( h pro 
tective zone will be of interest 
PLOT Generators Although the 
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= purchase power, many industt 


of their electrical eneryy. | 


e generator had 
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Fig. 2—Typical diagram of a relatively small industrial power Fig. 3—High-voltage substation feeding a refinery in Texas. Two 
system. As the system becomes more complex, additional re 66-kv incoming lines provide a dependable power supply. Ke 
laying equipment is necessary to assure service continuity laying panels are located in battery and control house at right 


1) 4 





Fig. 4—Transformer with 15-kv metal-clad 
switchgear. The panel on the left shows 
feeder relaying. Mounted on the right- 
hand panel are differential and 
overcurrent relays for a tie bus 


Fig. 5—Relaying panels in outdoor 
metal-clad switchgear. The panel on the 


left shows transformer overcurrent, 
differential and ground relays. The panel 
on the right protects a feeder circuit with 
phase and ground overcurrent relays. 


Fig. 6—Relaying panels for control of 
two incoming 66-kv lines, showing pilot 
wire and associated relays 
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under many conditions invo es ol 

Buse As with venerator el rical buse ire nol 
particularly susceptible to ta llowever when Tt ha ts 
ire not cleared qui kiy, the ( r equipment 
damage and extensive el ( ( 
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transtormer! since there rate. the oltave 
output of the couple! chire ri to the pr iry 
current The econdart ol el e the ) ected 

erie ind the resultant se I e led to 








in instantaneous voltave re ( thie irrent 
Into the bus equals zero, the ( rie ( ld 
to zero and there is no volt r ‘ the re or an 
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relatively rare fault, so that the size of generator units in tional to this current to appe c re ( { 
industrial systems does not usually warrant loss-of-field pro n fast clearing of the fault 
tection. But when large generators with critical requirements Another arrangement t | l lor 
on service continuity are involved, such protection should protection in the load area erlo eme 
be considered | pon complete loss of tield, the tlux decays Is particularly app icable tor ! ( t ] feed 
slowly and the machine, instead of feeding reactive kva into uch as a loop system Ba ( re 
the system, takes its excitation from the ystem and ap the two incoming circuits are 
proaches the characteristics of an induction generator. Even allowing the bus-overload re ( 1ot the current 
though the generator continues to feed power into the system, fed into the bu I} tio reedel 
the voltage at the machine terminals may be reduced to the rela fed from the protect vides | | 
point where system instability can result If the voltage at prover tion for feeder cir \ ( ( t ( 
the machine terminals does not go too low, excitation can be cheme has the disadvantaye ( 1 ie ( ( 
restored to the unit without removing it from the line If than bus differential re (, eme yuld be 
ilter a given pe riod of time the field is not properly restored considered only tor buses fed three es where 
or if the terminal voltage drops too low. the unit should be differential relaying cannot 
taken off the system Stable operation | po ible with loss of Transformer Smaiier pow: rmet r 
field but continued operation can resu tin damage to the gen protected by overcurrent re 
erator. Relays are now available to perform the e function formers located on the primat ( et orm ( 
External phase-to phase faults, a potential cause of gener are sometimes used where ( th re t 
ator damage, have gained considerable attention in recent be economicalls app ed f ( | roe 
years Phis type of fault can cause severe local heating in the er more COMpiex ind re 
rotor circuit of the unit The heating is much more severe for [he most common ft r tectio lo rye 
unbalanced than for balanced fault Thus in recent year transformers is provided b ( he e most 
negative sequence relays, whi hare re sponsive to the negative transiormers have taps tha f e ratio ol 0 
sequence component of current, have been designed and econdary turns, and because ( rime e often 
applied. These relays have time-current characterist! to difficult to match from ar tus m stand 
protect a generator trom these unbalanced-fault condition point, translormer! differe f ty ( ( 
Many other per lal purpose relays are aval ible for ipplica iS those lor vyenerator a 
tion to generators, such as thermal relays of various types, and Qne of the major proble ( rmer 
relays that will detect grounds in the field windings, et protection is the magnet ( ( ( ti 
such special purpose units can he proper ipp ed at the first enery zed or whe ( ( \ ) 
discretion of the system designer method ire employed to f I hn 
Basically, differential relays should be used on all important irrent. One is to temporat er ( r 











































Load Shedding by Underfrequency Relays 


\ er oil re the « emerge itua con atine te couse & thortase 


For t 


n underfrequency 


( ( I ( re ( ( ( I e or more generators on an isolated p int 
( ‘ ( ( ( ( i riage ol power that t! e remaining 
row i f er ( t lIrequency. Or if an interconnectior 
t ed wit tility, this tie can be lost wit! 
‘ ‘ ‘ ‘ ‘ nT [xe VCT 
‘ flere r ‘ e ¢ e ol power shortage, corrective steps 
Ay f former ( olte e taken q k to avoid complete system shut 
titer ‘ re ( wahle t me to make these corrective steps 
ere ! electt ter t ( ( le] character tK Lype ol oad, and relative 
‘ ! ere ‘ ele eT Or re 
r ‘ wit electr it { it (ite erator ca ct last enough to prevent hut 
het wee es ywer source H eve me required for an operator or dispatcher 
( | tf j ex ' ( ter formation under these emer 
tyle re ( cd sae ) made under such condition 
rre ‘ ) eT rr ‘ ( ‘ error 
‘ | ( ( 1 these ( (re f ysl 1 factor olutior to i! emeryel 
rece ( t } et ( el the e ol underfrequen rela\ to drop 
! 1 yere t«) ere ( ( | can be done b a mal undertre 
‘ e time | { r req red. these rela being et at proper 
‘ r re ‘ ( r eT | e operation ol eac reia\ vill drop one 
( eve ‘ byle ) ( eedet ne yacd continue to hye dropped unt 
( (ne r} thie ' ‘ r ( ( tal ed Thr no exc e amount ot 
er rpar ( { \ ( t ec] ai the tem cal | cari the more 
tecte ’ rom , p ‘ oad 
; ‘ on rre ‘ He P ‘ \\ 4 ‘ ‘ ‘ ' onerate 1) para ‘ vit ’ ituiit ter 
ré ( f r ort ot ( ( erconnes r tie for power hortave condition 
rif | eme ‘ the me ( r or example lla powe! shortage deve Op 
ents to re the rrent t the t. the terconnection should be mainta ned 
{ If ‘ rre t te r thy i t r eT eto I cl oad as possible ()n the other 
© ‘ 1} e 4 ter ‘ | 1) a oO the tists should not he i owed to 
if wt ‘ i ol the ‘ r ni ‘ l A 1 ter irequency Therefore to get the de 
ré i the ter mnecting bre ikers in ndertre 
1¢ ! e re ro cle ! el ( ol neo! yith a reversed-power relay Cal 
) bye el r ( lerirequem condition w cause opening ol 
the ter ection if power is flowing from the plant to the 
thie ! feeder cire I re yt e tripping 11 the power flow nto 
rre | re re ed 1 t 1 { 1¢ 
re Hle ser ( required t | ( ( lerirequ¢ relays for load shedding should 
re ) re olte ré ‘ ( ere | eTrio power hortave likely to occur 
| () thes« I r | e of these t may prevent an unnece ir 
req e the e of the 1 it e re r ( 
[ : tron-overcurre Backup Protection 
t rela pro de re ‘ ! e cis or have dealt primarily with the first 
! 1 St be fast enough that é ( rotection. However, many things can prevent t! 
{ first ‘ rotection trom tunctioning properly Instrument 
{ ‘ rotectio re ‘ ! ‘ nrotective or auxiliary rela circuit breaker 
e lor f overcurrent re ri for re t breaker or other equipment may 
ounted direct mocre t breake ‘ | | ) correct Such tailure may be caused by 
t differential re ite ( ent trouble or man error Regardle s ol the cause ol 
t { Thermal rela ott ( ! re ( ite backup relaying that will ultimately clear a 
( ( te exter ‘ Under ( desirable. Although operation of backup re 
e where tained reductiot fave iuse disruption of service to units not directly 
( the ftauit, ¢ eSSIVE equipment damage or con 
{ ( extel ( n the « ! ete te hutdown can be prevented every tem must 
r f r tive-sequence re t ry er eparatel but careful consideration should be 
i i re | ( ma oltade ! ( ( ) KUp protect yn so th ita fault cannot remain on 
balance urrent and exce e! t thie ( detinitely, eve when the first line of protection 
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© M.A. Schultz came to Westinghouse from the Massachusett ® Analyzing the dr ind ¢ t { 















drive 
Institute of Technology, with a BS in EE in 1939. His first assis an old story to M. H. Fi r. A 
ment was with the Industrial Electronics Division where he wa perience in this field has be \ 
engaged in early Westinghouse tele ion-receiver work | iter a Alabama Polytechnic Institute ; { WW 
ir cloud gathered over Europe, he Vas respons ble for desig He had hardly tarted grad { { 
and construction of long-range radar equipment came along and he was t Mot ) { 
In 1945, Schultz left Westinghouse, but returned about a year help with the flood of orders { p 
later to the Re earch Laboratories, to take charge of develop: ent gonment erved, among other tl Ke | expert 
of FM radar and sonar detecting equ pment for use in gun ¢ Rototrol rotating regulator | 194 ( I ist ( 
puter and torpedoe gineering group, which ‘ ( | ( 
With the formation of the company’ Atomic Power Division ndustri Here he worked | ( 
1949, Schultz wa appo nted manager of tne trumentati pli itor until 1952. when he ( 
and control subdivision, where he was responsible for the devel Fisher is no stranger t | 








ypment of instrumentation and control for the first submarine author several times during the R 
thermal reactor plant vill probably remember him be 
Following an assignment as assistant manager of phy ( if and textile problem 






APD, and a subcontract assignment at Princeton University, Mr 
Schultz joined the new Commercial Atomic Power Activity a 


the Westinghouse Test © Asa writer, E. ( Went ! 






project manager tor the engineering ol 








Reactor, which is now in the drawing-board developmental stage reducing complex subjects t 
Mr. Schultz holds several patents in electron transtormet 
ic circuitry and nuclear-control systen He carries over 






the author of the first definitive engineering 
book in the nuclear field, ‘‘Control of Nuclear 
Reactors and Power Plants,”’ from which } 


article appearing in this issue wa abstracted 








As manager of the instrumentation and cor 






trol subdivision for the submarine thermal reac 






tor plant, Schultz was responsible for much of 






the control philosophy of present-day pressur 






ized-water reactors. He has written numerous 


technical article and report on the ubtect 







Schultz in his spare time is an enthusiastic 















woodworker. His most ambitiou basement pro) 





ect to date has been the complete rebuilding of linear coupler 


a 1905 piano to which he fell heir. As a result, 
the Schultz’s now have a modern piano in their 


living roon 
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* The nicest compliment you can pay W. ¢ igns of 
W oods is to say something good about the State 


of Texas. Woods proudly proclaims to be a na 
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tive Texan, in fact, never resided outside the 
tate until he came with Westinghouse upon his 
graduation from the University of Texa vnere 
else?) in 1943. After a short period on the 








Graduate Student Program, he stayed in the 






Transformer Division in the instrument and 









regulator sectior is a design engineer In th 

capacity, he worked on the design of tep-type 
regulators, load tap-changing power transtorm 
ers, type CSP power transformers, and mobile 













Sut the call of Texas was too strong 









1947 he returned to the Houston office a i ¢ 













ting and application engineer 























Coil in flask has electrical resistance. Now the coil has lost its resistance. 





Superconductivity 





